Abstract: Magnetic nanoparticles (NPs) show interesting size/shape-dependent magnetism and magnetic transition from ferromagnetism to superparamagnetism. Such unique nanomagnetism has been studied extensively in the hope to optimize magnetic NPs for future magnetic data storage, energy storage and biomedicine applications. To achieve any of these application goals, the size, composition, shape and surface structure of these NPs must be first controlled so that their magnetic properties can be tuned for specific applications. Recent advances in synthetic methodology have led to the formation of various magnetic NPs with the desired dimension controls. This review focuses on solution phase based chemical syntheses of monodisperse magnetic NPs. It starts with a brief introduction of nanomagnetism and a general overview of colloid chemistry in the synthesis of monodisperse NPs. It further illustrates several typical examples on chemical syntheses of Fe, Co, FePt, CoFe and iron oxide NPs. The review concludes with the challenges and future perspective in magnetic NP synthesis and applications.
INTRODUCTION
Magnetic nanoparticles (NPs) with unique nanoscale magnetism have long been sought for future data storage, energy storage, and biomedicine [1] [2] [3] [4] . While ferromagnetic NPs are tested as building blocks for fabricating magnetic storage media with ultra-high density and nanocomposite permanent magnets with maximum energy product [5] [6] [7] [8] [9] , superparamagnetic NPs are promising probes for biological separation, biosensor, magnetic resonance imaging (MRI), magnetic fluid hyperthermia (MFH) and magnetic particle imaging (MPI) [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . To realize their application potentials, magnetic NPs should first be made with controlled dimensions, structure and magnetic properties. For this purpose, "bottom-up" approaches based on solution phase synthesis have shown great advantages [20] [21] [22] [23] . This review focuses on the recent advances in chemical synthesis of monodisperse magnetic NPs (monodispersity here is referred to as narrow size distribution in diameter with standard deviation less than 10%). It first outlines the unique magnetism exhibited from the nanostructured magnets. It will then summarize the general solution phase chemistry used to produce monodisperse magnetic NPs. Chemical syntheses of Fe, Co, FePt, CoFe and iron oxide NPs are specifically illustrated to demonstrate the progress made in the field.
NP MAGNETISM
Bulk ferromagnetic materials normally contain multiple magnetic domains [24] , and the average domain size can be estimated by R sd = 36 AK u μ 0 M s 2 , where A is the *Address correspondence to this author at the Department of Chemistry, Brown University, Providence, Rhode Island 02912, USA; Tel: 1-401-863-9046; Fax: 1-401-863-3329; E-mail: ssun@brown.edu exchange constant, K u is the effective anisotropy constant, μ 0 is the permeability of free space and M s is the saturation magnetization [25] . Depending on K u , R sd can reach several hundred nanometers for materials with large K u [2, 25] . Therefore, magnetic NPs with sizes smaller than 100 nm often contain a single magnetic domain within which its magnetization can reverse coherently. For a group of single domain ferromagnetic NPs, their magnetization (M) behavior under an external magnetic field (H) can be illustrated in Fig.  (1a) . Without the H, the magnetization of each particle is randomly oriented and the overall magnetization of the whole sample is zero (center point O). With the increase in H, the magnetization of these NPs can be aligned to the field direction, achieving magnetic saturation (M s ). Subsequent reduction of the field strength leads to certain degree of decrease in M due to various magnetization relaxations but NPs tend to retain their magnetization direction. When the field strength drops to zero, there remains a net magnetization -remnant magnetization (M r ).
To demagnetize these NPs so that their overall moment is zero, the external magnetic field must be applied in the opposite direction. The field strength required to demagnetize these NPs is defined as coercivity (H c ). Its value depends on NP sizes and K u with larger NPs with high K u normally having a large H c [24, 26] .
The magnetization reversal process of a single domain magnetic NP is volume and temperature dependent because the magnetization relaxation of each particle is determined by = 0 e KuV/2kT , in which is the relaxation time, 0 is the constant with the order of 10 -9 to 10 -10
, K u is the particle's magnetic anisotropy constant, V is the particle volume, k is Boltzmann's constant, and T is temperature. The magnetic anisotropy energy K u V measures the energy barrier between two magnetization orientations, while the kT represents thermal energy [27, 28] . When the size of a NP is reduced to a certain level where the thermal energy is comparable to the anisotropy energy, this NP is magnetically unstable and is said to be superparamagnetic. The magnetization behavior of a group of superparamagnetic NPs is described in Fig. (1b) . We can see that in the presence of an external magnetic field H, these NPs can be easily magnetized to reach M s . But as long as the H is removed, thermal agitation randomizes their magnetization and the overall moment of these NPs drops back to zero. Unlike ferromagnetic NPs, these superparamagnetic NPs can not be used to support any magnetic information. However, because of this superparamagentism and the reduced magnetic dipolar interactions, these NPs can be stabilized readily in the dispersion state, making them especially useful as magnetic probes for biomedical applications.
GENERAL NP SYNTHESIS
Solution phase synthesis method has been explored extensively for making monodisperse NPs. In the synthesis, the NPs are generally formed via nucleation and growth processes [29] . The nucleation event occurs when the concentration of the precursors is increased quickly to the critical supersaturation level and a large numbers of clusters are formed [30] . This cluster formation leads to the drop of the precursor concentration and provides the necessary seeds for NPs to grow via the Ostwald ripening process [30] . In order to control NP monodispersity, the synthesis should have a short nucleation time and a uniform NP growth condition.
Due to the presence of large percentage of surface atoms that are chemically unsaturated on NP surface, NPs formed during the synthesis often have large surface energy and are prone to aggregation. To stabilize NPs from this aggregation, large surfactant molecules are normally used to react with surface atoms so that these atoms can be passivated and NPs can be stabilized. Due to the slight binding difference between a surfactant molecule and the crystal facet, surfactants are often used to control NP size and shape in the synthesis [31, 32] . The surfactant coating also controls NP dispersion in different liquid media, making these NPs suitable for self-assembly or for biological applications [33] [34] [35] .
SYNTHESES OF MONODISPERSE MAGNETIC NPS

Fe and Co NPs
Iron (Fe) and cobalt (Co) are typical classes of ferromagnetic materials with high magnetic moment (Fe, 1714 emu/cc; Co, 1422 emu/cc) and high Curie temperature (Fe, 770°C; Co, 1110°C). Magnetic NPs of Fe or Co with high magnetic moment should serve as ideal building blocks for various magnetic applications. However, metallic Fe or Co NPs are chemically unstable and are oxidized easily to form various oxide NPs with much reduced magnetic moment. Therefore one of the biggest challenges in the synthesis of Fe or Co NPs is how to stabilize them against fast oxidation.
Fe NPs are commonly synthesized by thermal decomposition of iron pentacarbonyl, Fe(CO) 5 . This Fe precursor is thermally unstable and is subject to high temperature decomposition into clusters and further into Fe NPs [36] . Surfactants used to protect Fe NPs from aggregation and oxidation often play important role in NP size control. The decomposition chemistry was first used to prepare Fe NPs ranging from 5 to 20 nm in various solutions of vinyl polymers [37] . In the mixture of trioctylphosphine oxide and trioctylphosphine, the decomposition led to the formation of 2 nm Fe NPs [38] . With the assistance of didodecyldimethylammonium bromide, the as-synthesized 2 nm Fe NPs could be stabilized in pyridine and further evolved into 11-27 x 2 nm nanorods after the mixture was heated to reflux for 12 h. The transformation from nanospheres to nanorods was believed to originate from the irreversible binding of didodecyldimethylammonium bromide on the central region of the growing particles, allowing the dominant growth on the NP edge [38] . Monodisperse Fe NPs were also made by thermal decomposition of Fe(CO) 5 in dioctyl ether with oleic acid and oleylamine as surfactants [39] . The sizes of the Fe NPs were tunable from 5 to 20 nm by varying the surfactant-toiron molar ratio and reaction temperature. Using smaller Fe NPs as seeds, more Fe could be deposited on these seeds via Fe(CO) 5 decomposition and Fe NPs up to 35 nm had been synthesized [40] . Apart from Fe(CO) 5 , other organometallic Fe precursors are also used to make Fe NPs via the decomposition reaction. For example, reductive decomposition of Fe[N(SiMe 3 ) 2 ] 2 under 3 bar of H 2 in mesitylene at 150°C gave monodisperse 7 nm Fe nanocubes that were stabilized by hexadecylamine and oleic acid (or hexadecylamonium chloride) [41, 42] . The Fe nanocubes were in narrow size and shape distribution and were assembled into 2D or 3D superlattices, as shown in Fig. (2a) . The synthesis was extended to make 1.5-27 nm Fe NPs with various shapes (cubes, spheres and stars) in the presence of palmitic acid and hexadecylamine [42] . A more convenient approach to monodiseprse Fe NPs is via the decomposition iron-stearate complex with sodium oleate and oleic acid in a reducing environment [43] . In this synthesis, the reducing environment was created by the decomposition of oleic acid molecule.
To stabilize Fe NPs from deep/fast oxidation, surface layers of Fe can be oxidized to Fe 3 O 4 in a controlled manner and the resultant core/shell Fe/Fe 3 O 4 NPs show much enhanced stability. In this approach, Fe NPs were first made by decomposition of Fe(CO) 5 in octadecene and oleylamine at 180°C [44] . Before exposed to ambient conditions, these Fe NPs were allowed to react with small amount of trimethylamine N-oxide ((CH 3 ) 3 NO) at high temperatures in Ar atmosphere so that the surface layers of Fe were oxidized into polycrystalline Fe 3 O 4 . The Fe 3 O 4 layer thickness was controlled by the amount of (CH 3 ) 3 NO added. Fig. (2b) shows a TEM image of the 4 nm/2.5 nm Fe/Fe 3 O 4 core/shell NPs. This polycrystalline Fe 3 O 4 shell protected the Fe core against further oxidation and the Fe/Fe 3 O 4 NPs could be dispersed even in biological buffer solutions without noticeable deep oxidation [44] . This Fe 3 O 4 shell can also be synthesized by the post-decomposition of iron-oleate complex on the surface of the as-synthesized Fe NPs [45] . Recently, this stabilization strategy was extended to protect single crystalline Fe NPs [46] . When exposed to air, the single crystalline bcc-Fe NPs were oxidized on the surface, forming a layer of crystalline Metal precursor decomposition and metal salt reduction are two common ways for making monodisperse Co NPs. Monodisperse -Co NPs were made by the reduction of cobalt chloride (CoCl 2 ) with superhydride (LiBEt 3 H) in dioctyl ether with oleic acid and trialkylphosphine as surfactants [47] . The size of the Co NPs was controlled by selecting the type of trialkylphosphine with bulky trialkyl phosphine producing 2-6 nm Co NPs and less bulky tributylphosphine giving 7-11 nm particles. Fig. (2c) shows a TEM image of 2D assembly of as-synthesized 9 nm Co NPs. The -Co NPs were meta-stable and were converted into hexagonal closed packed (hcp) Co NPs by annealing at 300°C and further to face centered cubic (fcc) Co NPs at 450°C. Uniform -Co NPs with size ranging from 3 to 17 nm were also made by pyrolysis of Co 2 (CO) 8 in dichlorobenzene [48] .
Co NPs with hcp structure can be synthesized in various morphologies. Polyhedral hcp-Co NPs were made by reduction of cobalt acetate with 1,2-dodecanediol at 250°C in diphenyl ether [49] . In this synthesis, oleic acid and trioctylphosphine were used as surfactants. The sizes of the Co NPs were controlled from 3-13 nm by controlling the surfactant-precursor ratio. Size selection method was needed to obtain monodisperse hcp-Co NPs. In the hcp-Co NP synthesis, surfactants were further explored to control Co NP shapes. For example, hcp-Co nanodisks were obtained by a rapid pyrolysis of Co 2 (CO) 8 in dichlorobenzene solvent and under the assistance of linear amine [50, 51] . hcp-Co nanorods were produced by decomposing [Co( 3 -C 8 H 13 )( 4 -C 8 H 12 )] under H 2 in anisole at 150°C in the presence of a mixture of hexadecylamine and an aliphatic acid [52] . In this synthesis, the choice of aliphatic acid could determine the aspect ratio of the nanorods. Thermal decomposition of Co 2 (CO) 8 in diphenyl ether in the presence of oleic acid and tributylphosphine led to monodiserpese multi-twinned fccCo NPs. Co NPs could also be made by reducing CoO NPs with oleylamine [53] . In this reaction, the fcc-CoO NPs were synthesized first in oleylamine at 240°C, and then transformed into hollow Co NPs in the following incubation at 290°C.
Like Fe NPs, Co NPs can also be coated with robust inorganic shell for long-term stabilization. For example, coated with MFe 2 O 4 (M = Fe, Mn) shell with controllable shell thickness (1-5 nm), the monodisperse Co NPs (8-14 nm) (Fig. 2d) show much enhanced stability even in biological buffer solutions [54] .
FePt and FeCo Alloy NPs
FePt and FeCo alloy NPs are two of the most interesting bimetallic NPs for nanomagnetic studies and applications. FePt NPs show the structure-controlled magnetic properties from hard ferromagnetism to superparamagnetism and FeCo NPs can offer high magnetic moment (FeCo bulk saturation magnetization value: 240 emu/g). FePt NPs are chemically stable but FeCo NPs are chemically unstable and require special treatment for long-term stabilization.
There are two common chemical ways for preparing FePt NPs. One uses thermal decomposition of Fe(CO) 5 and reduction of platinum acetylacetonate, Pt(acac) 2 [5] . In this synthesis, 1,2-hexadecanediol was used as a reducing agent and oleic acid/oleylamine served as the surfactants. High temperature reaction (~300 °C) in dioctyl ether led to the formation of 4 nm FePt NPs. Larger FePt NPs could be made by growing more FePt on the 4 nm FePt seeds in the same reaction condition. This synthesis was further improved by performing the reaction without the presence of 1,2-hexadecanediol [33] . Under this reaction condition, nucleation event was slowed down and larger FePt NPs were synthesized [55] . Furthermore, the shape of the FePt NPs was controlled by the addition sequence of the surfactants [34] . Polyhedral FePt NPs were formed when oleylamine was added first while FePt nanocubes were obtained if oleic acid was added first (Fig. 3a) [22, 55] . In addition to size and shape control, composition of FePt NPs was tuned by controlling metal precursor ratios and FePt NPs with composition ranging from Fe-rich to Pt-rich could be routinely made [5] . If only oleylamine was used as both solvent and surfactant, then thermal decomposition of Fe(CO) 5 and reduction of Pt(acac) 2 yielded FePt nanorods [31] . The aspect ratio of the nanorods was tuned by the controlled mixing of oleylamine and octadecene. For example, the ratio between oleylamine and octadecene of 1:0, 3:1, and 1:1 gave 200 nm, 100 nm, and 20 nm nanorods respectively with 2 nm in diameter (Fig. 4) .
The second common method used to synthesize FePt NPs is the co-reduction of Fe salt and Pt salt. One of the earlier examples was the reduction of iron chloride FeCl 2 and Pt(acac) 2 by lithium triethylborohydride, LiBEt 3 H [56] . Adding LiBEt 3 H to the phenyl ether solution of FeCl 2 and Pt(acac) 2 in the presence of oleic acid, oleylamine, and 1,2-hexadecanediol at 200 °C, followed by refluxing at 263 °C, led to monodisperse 4 nm FePt NPs. The initial molar ratio of the metal precursors was retained during the synthesis, and the final FePt composition of the particles was readily tuned. Polyalcohol, such as 1,2-hexadecanediol, ethylene glycol or tetraethylene glycol are often used as an organic reducing agent to reduce Fe(acac) 2 or Fe(acac) 3 and Pt(acac) 2 into FePt NPs [57] [58] [59] [60] [61] [62] [63] [64] . Using hydrazine as a reducing agent enabled the synthesis of FePt NPs in aqueous solution by reducing H 2 PtCl 6 ·H 2 O and FeCl 2 ·H 2 O with sodium dodecylsulfate and cetyltrimethylammonium bromide as surfactants [65] . Despite the potential green chemistry approach to the synthesis of FePt NPs, FePt NPs prepared in low temperature aqueous solutions have not shown superior quality and properties compared with those obtained from the high temperature organic phase syntheses. As synthesized, the FePt NPs adopt chemically disordered fcc structure and are superparamagnetic at room temperature. Once annealed at high temperature (> 500°C), the fcc-FePt NPs can be converted into face-centered tetragonal (fct) FePt NPs [5] . The fct-FePt NPs have large K u and are excellent ferromagnets with large H c [7] . They are promising for magnetic information and energy storage applications. However, high temperature annealing tends to destroy the monodispersity of the FePt NPs due to the uncontrolled aggregation and sintering. To reduce the sintering problems, a third element was often doped into the FePt NPs during the NP synthesis [66] [67] [68] . Depending on the element doped, fcc to fct conversion could be lowered to as low as 350°C [66] . Recently, fct-FePt NPs were made successfully by coating the fcc-FePt with inorganic shell followed by high temperature annealing. The inorganic coating was thermally more robust to prevent FePt NPs from sintering at high annealing temperature. The coating was then removed to recover fct-FePt NPs. For example, via the Stöber method, SiO 2 was formed and coated on fcc-FePt NPs [69] [70] [71] . Annealing at 800°C or higher temperature converted the fcc-FePt to fct-FePt NPs. SiO 2 coating was removed when fct-FePt/SiO 2 was treated in 0.1 M NaOH solution under 5 h sonication. Alternatively, FePt NPs were coated with MgO and the fcc-FePt/MgO was converted to fctFePt/MgO at 750°C for 6 h (Fig. 3b-3d) [33, 55] . The MgO coating was removed by washing with the dilute HCl solution and the fct-FePt NPs could be re-dispersed in hexane in the presence of hexadecanethiol and oleic acid [33] (Fig. 3e) . To achieve better fct-ordering within FePt NPs, FePt/Fe 3 O 4 /MgO NPs were made and annealed at 650°C for 6 h in Ar + 5% H 2 . Within MgO matrix, Fe 3 O 4 was reduced into Fe that diffused into FePt, giving fct-FePt with H c reaching to 2 T at room temperature [55] .
Different from FePt NPs, the synthesis of FeCo NPs are challenging due to their chemical instability [72] . Thermal decomposition and metal salt reduction are two common ways for making FeCo NPs. These include decomposition of Co( 3 -C 8 H 13 )( 4 -C 8 H 12 ) and Fe(CO) 5 [73] , decomposition of ( 5 -C 5 H 5 )CoFe 2 (CO) 9 [74] , and co-reduction of Fe(acac) 3 and Co(acac) 2 [75] . Alternatively, FeCo NPs were prepared by interfacial diffusion between Fe and Co in the core/shell Co/Fe structure (Fig. 5) [72] . In this new approach, Co NPs were first made by thermal decomposition of Co 2 (CO) 8 at 210°C. The Co NPs were then mixed with Fe(CO) 5 , and the mixture was heated to 180°C to decompose Fe(CO) 5 on each Co NP, and further to 250°C to let Co and Fe diffuse into each other, forming FeCo NPs. As-synthesized NPs have the magnetic moment as high as 192 emu/g [72] .
Iron Oxide NPs
The commonly studied magnetic iron oxides include maghemite ( -Fe 2 O 3 ) and magnetite (Fe 3 O 4 ). They are ferrimagnetic due to the partial cancelation of the Fe 3+ magnetism in their spinel-type structure. Their NPs are normally superparamagnetic. This superparamagnetism plus the biocompability of -Fe 2 O 3 and Fe 3 O 4 make the iron oxide NPs extremely popular for biological separation, biological imaging, and therapeutic applications [11] [12] [13] [14] . Additionally, ferrite NPs with the doping of transition metals, in the form of MFe 2 O 4 (M= Mn, Co, Ni, Zn), also show the potentials in biological applications due to their dopant-controlled magnetic properties. For example, Mn-doping can render the NPs with enhanced M s , while the CoFe 2 O 4 NPs exhibit hard magnetism [76] .
Aqueous phase syntheses of iron oxide NPs via base precipitation of iron salts have been well documented [12] . A new method for preparing monodisperse iron oxide NPs with controlled size and shape is via high temperature organic phase synthesis. As in the synthesis of FePt NPs, high boiling organic solvents are often chosen to dissolve iron precursors so that they can be decomposed at high temperature to form iron oxide NPs. An alternative, but better, approach with good control on NP structure and magnetism is via reductive decomposition of iron acetylacetonate, Fe(acac) 3 . In this synthesis, Fe(acac) 3 was dissolved in diphenyl ether in the presence of 1,2-hexadecanediol, oleic acid and oleylamine. After heating the reaction mixture at 265 °C, 4 nm Fe 3 O 4 NPs were produced. If benzyl ether was used, 6 nm Fe 3 O 4 NPs were synthesized [77, 78] . These small Fe 3 O 4 NPs could be used as seeds and further decomposition of Fe(acac) 3 in the same condition Fig. (6a, b) [79] . Magnetic iron oxide NPs can also be made by controlled oxidation of FeO NPs. These FeO NPs were made by decomposing Fe(acac) 3 in the mixture of oleic acid and oleylamine [80] . The size and shape of FeO NPs were controlled by the ratio of oleic acid and oleylamine and reaction time. For instance, in Fig. (7a) , 14 nm FeO nanospheres were obtained in the mixture of 8 ml oleic acid and 12 ml oleylamine at 300°C for 30 min, where extended time could increase the diameter of FeO nanospheres up to 22 nm. 32-100 nm truncated octahedral FeO NPs (Fig. 7b-d) were prepared in the mixture of 10 ml oleic acid and 10 ml oleylamine for controlled incubation time. By incubating FeO NPs dispersion in air, Fe 3 O 4 NPs and Fe 2 O 3 NPs could be made. The synthesis offers a robust approach to monodisperse magnetic iron oxide NPs with sizes controlled up to 100 nm. Metal oleate complex is a second promising iron precursor used for the synthesis of iron oxide NPs. The Feoleate complex was prepared from iron chloride (FeCl 3 6H 2 O) and sodium oleate in a mixture solvent of ethanol, water and hexane at 70°C [81] . The resulting Feoleate complex was dissolved to high-boiling-point solvent and then heated to 300°C to produce monodisperse iron oxide NPs with oleate serving as surfactant. Fig. (8) displays the overall scheme in this synthesis and the TEM image of a typical type of iron oxide NPs obtained. Particularly interesting part of this method is that it provides a reliable way of making large amount of monodiseprse (up to 40 g) NPs with excellent control on NP crystallinity and sizes (tunable from 5 to 22 nm) [81] . Monodisperse iron oxide NPs could also be prepared by thermal decomposition of Fe(CO) 5 followed by oxidation [82, 83] . In this thermal decomposition reaction, poorly crystallized Fe NPs were initially generated and were quickly oxidized into iron oxide NPs by air or by (CH 3 ) 3 NO. However, if the oxidation step was controlled carefully, hollow Fe 3 O 4 NPs could be obtained [84] . In this synthesis, amorphous Fe NPs were first made via the decomposition of Fe(CO) 5 (Fig. 9a) . The hollow structure was formed due to the faster Fe diffusion outward and the slower oxygen diffusion inward. The synthesis yielded monodisperse hollow Fe 3 O 4 NPs that could further self-assemble into 3D superlattices (Fig. 9b, c) 4 NPs were readily modified to be water soluble and were a promising delivery vehicle for cisplatin, a wellknown anticancer drug, for its targeted delivery and controlled release in tumor cells [85] .
Similar to iron oxides NPs, ferrites NPs, MFe 2 O 4 (M=Mn, Co, Ni, Zn) can also be synthesized by the decomposition of either metal acetylacetonate or metal oleate [77, 86] . The precursor used in this method is normally a combination of Fe precursor and dopant precursor with proper molar ratio. With the multielement precursor combinations, more complex ferrite NPs such as (Zn x Mn 1-x )Fe 2 O 4 NPs have been produced recently in the same approach, which display an enhanced magnetization and MRI contrast effect [87] .
CONCLUSION, CHALLENGES AND PERSPECTIVE
Recent progress in solution phase chemical synthesis has led to the formation of various magnetic NPs with controlled sizes, shapes, compositions and magnetic properties. This review outlines only the common syntheses of several classes of magnetic NPs including metallic Fe, Co, alloy FePt, FeCo and iron oxide -Fe 2 O 3 and Fe 3 O 4 NPs. These magnetic NPs have been well-studied due to their unique nanoscale magnetism and their potentials as building blocks for magnetic data storage applications.
Despite the tremendous progress made in NP synthesis, methodology of using these NPs as building blocks and magnetic probes for practical magnetic information and biomedical applications has not been established. First, it has been extremely challenging to assemble magnetic NPs with controlled magnetization directions -current assembly methods tend to yield magnetic NP arrays with magnetization pointing to random directions. Second, the surface coating of these magnetic NPs has not been robust enough so that they can be better stabilized in real biological systems without significant non-specific uptake.
Studies on many other types of NPs, especially nonmagnetic metallic NPs, have revealed that NP shape can be used to control texture of the self-assembled NP arrays. As magnetic easy axis of a material is closely associated with its structure, shape-induced texture seems to be a promising approach to magnetically aligned NP arrays. Therefore synthesizing magnetic NPs with controlled shapes, especially anisotropic shapes, and studying their selfassembly/magnetism becomes an important next step. Equally important is to search for the right surfactant with robust coating on NP surface to make magnetic NPs biocompatible and target-specific in biological systems so that bio-detection and therapeutic efficiencie scan be maximized and side-effects are drastically reduced. 
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